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I( I [Iic .1 I’1. Ailclal’i Sy]l[llttic AI Ict IuIc R:I(I:II (A IRS AR) \ySICIII  tlI:It ttlu[i]lcly :Icquilcs lllulti-
[)[~l;l[i/;lti[)[l  SA1< illl;lycs ;I( )’-l);iII(l (’/(1 CIII v.:i\IclcII[’[11),  ;It 1 -1, ~111(1 (’25 LIII \~ii\{l~l[~,(tt) :111(1  :11 [’-II:  III(!.

‘l’IIC.  “]’()]’sAl</Al  l<SAl< SySICIII  I’lies 011 tlIc 1)( ’.8 Aiilmnc  1 IIJOIa[OI}”  (J}l\lilt~{l  1)~ (IIC NASA AIIICS
}{ CS1’;IIL’11  (’1’lltcl. ‘]’IIC ‘l’{) ]’sAl< sy~(cIII  is il~l}]lcllmIlt,d vi:l (M c) mIICIIIi;  I\ II IOLIIIIC(l IIcaIly vcttica]]y (III
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:11 L’ CO IIS(I  LIL’~1’(1 lt~ CO II I]MI Illf, ~]lC [III;ISC di(fcten(ts I)c[w,ccri  SA1<  iill:ig~s 110111  tlIc (WO aIIICIIIIa  S.
S[{llis[i(:ll  clcv;l[io]l UII[)IS  ltII IIIC ‘l’OI)SAR  SySICIII I;LIIFC fILIIII 1-2 II ICtLIS I(II I1;I[ l:IIId  I(I 7-3  II IC(CIS 1’01

lll(mllltlil~(ms NIC{IS.

‘1’y[,ic:ll  d:IllI acquisitions ;Ilc i’ot alc:I\ 0110 klIl m’li)ss-tl;lck  (1 C., ill tdlIfIu) :111(1  111) 1050 klII dlotIp ttiIck
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JIltroduciioll

‘1’l)us, tlIc cullllina(ioll of diy,i(:ll ]\Ioccssittg of SAI{S, C(ILI}IIL  d wi(ll (W(J-Cl~IIILIII  illtcll’cl(]llic[ly :IIId
:Icculiltc  ]xmili(lil dcl Cllllillilli(lll Itsillg [tic’ C;IO1):lI l]osiliollirlg .S)’SIU III II:LI’C l)lo~i(lcc(l  :1 l]C\Y (Cc’llllotoyy”
w’llc[ct)y :Iitl)oillc j; I(l:tts rol I l)l(duL’c ;Iccu I:I(c Clrk:lliol] )II:I])S of tlIc c: 1111 I, SL,L. Yctlkcl ;IIILI C;oldslcill,
IOS(I;  ]<odli~,llC7 :(11(1  M:ll(i)l, 1992; 7cl)kc I c1 :11,,  1992; N’l:dsc]l  et al . ,  19°3; M: KISCU,  M;(l(ill  aIId
7ct)klv,  1995; :1s WC’]] 0s N!d(ls(.’ll old 7,cl)kcl.  1995.

Ailtl{llllc  Syll(l~c[ic  A1)CIIUIL l{a(loIs cqui[)pc(l wi(tl two sclmIoIcd  :IIIICIIII:I\  U: III :Iuc LIIiI(cly  1OC+I(C I;ld:ir
CCIIOCS  fIOIII (IIC suIfwc ill ttl[c’c  dilllcnsions. SAW IO CIIIC sc.lt(crill~ Cl CIII{JII[\  (III  tlIc SUIIIICC ill [WC)
IIc;llly olllIog(JrIal dil<’cliolls by a cmlit~irlitli[)rl of lallpitlg, aid 1~.qq)luI ])i(x’cssill~.  (lk)l)[Ilcl  [J[{wcssil\&
cl~lilcs a sylllbclic :Illtcllr]a a{tcl(ul-c  l~y Cdlclclltly ad(lilig raddr cclmcs 1’10111  111, IIIy Collscculivc lIulscs).
‘I’l Ic ;Idditioll  ol tw(I-clcIIIclI(  intci (’u[oIIIc[Iy  IJCI I)lils lou;tlioIl t,l cul Iocs ill u (Ili[d, nc; llly olllIt):olI:Il
dil]wllsio[l. ‘I’l  Ic fcol IIclly f’c~l tocotit): ltIc sc:i[(crirlg clcIIIcnl olI llIc Sufl;  wc i.< slILm,[I in l:iy,  ulc 1.

l~.lCIIICIIIS  011 IIIC suifnce aic l(Ica(cd  lIIst jl) INI:C by [I:tr}slllittitj:! a j)uls(, iIII(i  i))c;isuti]l:~  tlw [illtc dc]:Iy
()((lIc cclm. ‘I’l  Ic l;ln~e 10 tllc w;ll(cIillg, clcl IIc II(, (lIc dlsklIcc bclwcc]t III(. :ti[cl:lt( lmhl ;IIIICIIIIO olId  tlIc
SlllfilCC,  is:

(1)

WIICIC  R is (IIC I[\IIf,c, c is II)c vclorily of li:l][, :IIKI [ is (IIC (iIllc dcl:~y (tllc difltlc,ljcc ill tilllc t)c(wccl)
Iiansnlissioll ()] Itlc IAII ]IUISC aII(l  )ccc]jtiotl o f  Illc cut]o). l<lll~iIl~ loci Ilcs lIIC cctl(~ OII ;I “IUII:, C
S\)llclu” ccl  Ilctcd olI llIc [Iilclali w SlI{IWII ill l:igu~c 1. ‘1’l}c  :lcculdcy ot ttiis ctlI{I Iocalimi by lilllgill~ is
AR, (IIC wid(l] of tlm[ sl)ltcric:il SIICII. I’tlis is :

(2)



WIWIC 1{ is tlw txit)dwid[ll  of {tic sys(eln. Sinuc wc ntMIII:illy  (JIJcraIc “1’01’SA1<  :({ S 10 10 ktll :Il[i(udcs,
lilll~C 10 [lIc surl’acc  is typical ly 9 to 15 kin, and time (tClay i< (ypically 60 (0 100 lllicr~mcords. our
‘1’{)  1’SAI{  tmlldwidtt]  is 40 Mcg,alml[/  yiclciin[: Sur-f’acc  rcsolu[i(,ns  of rrtxmt  ~ II IL’(CIS

licII() Ioua[ion”  I)y IIIC lh)pl)lcr  I)rtwcssins,  Illal lol(ils [tic sy!l(lwlic  anlcl IIIa a} IcIt(IIc places CCIIOCS aloIIp
-lhlpl)lcl (’ones,” wllicll ate cmical  shel ls  wi(ll ahcs aligtd \\ ’ill]  IIlc ailcl(tf’l’s vclouily YCCIW as
SII(IWII ill Iig,LIIc  1. I(II IIIC t)t(dsidc gcorl)ct[ic.s  wrhurc SARS typically ol)cIti[c, tlIcsc  cmical  slIclls  atc
l(~catcd 011 llIc SUI (am almm.1  01 Ixhitd tl)c (1 UC broadfidc  dltec{ion  hy:

,,, l<?.Af
2V

(3)

w’i IrIc l; is l]K’ dis tant’c  atwad o] tw}lind IIUC bloadsidc,  v is Itlc ail’c!;[ft \’c[(~c’ily,  Af’ is ])(]pl~lcr
f’rcquciicy, A is  l}ic wavclc}~~lh, and R is  Ihc rahge. l;or a out :ilicl all Iil(lar opcratir)g,  a t  (1- L’111
\\Iavc*lcI~y(l~ orl aII ailclaf( ttavclinp, at ?00 rllc(cllsccondl  1; ill IIlc.tcrs  i~ I.5 tilllcs Itw lk~pplcr in lwtl/.
‘1’l]c accuIacy  of Ioca(itlf, wI)OCS  ill (Ilcsc. ‘slk)[)IIlcl  c(lltcs” is:

(4)

Wltcn synlllclic  al)cl lull radals i)mlpc a reta[ivcly fla( sul I’ace, (hcsc Range S1lllcrcs and l)o[)ll]cr [k)llcs
intc[sccl llIc sutf’acc in conlours  tlla( nea r ly  lmiall(l and pcrl)clldiculal  10 Illc ailcrafl’s ground (lack.
‘1’IIUS,  SARS ol)cratitig wi[l~ou( inlcrfcrolnctry IJIWIUCC irna{)cs llM1 IMSC a ]Jlologral~hic  quali[y and
l)r(Jvidc g,wd rq)rcscntations  of tlw sul face. ]:or Tupg,cd surfiwcs,  lilcw’  SAR irl)aj’,cs of Iilc sulfac’c ale’
dislmlcd. llig,twr porlior]s  of the surface arc sirifled ([ward  (IIc. airulaft grourd lrwk ill a forcslmlcrtill~
Cf’f’L’Cl. ‘)’tml  f{~lcs]lm tcrlirl~ effect call bc rncxlsurcd dircc(]y  ild cor”rcc(cd for Ily auglllcnlillg  lIIC SAI{
will) Iwo arltcr~nas as dcscritmd tlcrc.

o n c e  CCIIOCS  I)ave I)ccrl  lmalcd  hy lar~g,irlx aml lk)lq)lcl prtnessinp,  It Icy Iic ]t) tlIc  Iliin inter scctiorl  of
[Ilc Ranxc Spl)crcs  and I)opplcr (~or~rs. ‘1’IIc loca[iorl of (adar- cctms al(}rl~ llIal ir~tcrsc.clior] alc
])rovidcd t)y irllcrfclorllclry which produce.s a ptlasc di{f(rcncc bclv.,ccr, CCI1(KX  crbsclvcd ill Iwo
scllara(c arllcrlrla~. ‘1’tlis ])tlasc dificrcncc is:

(5)

wlwrc  tl is lhc dislancc along (I)C Rang,c SIJlcrc-lX)j)l~lcr (ktlc irllcl-scutiml  and }1 is lhc tmsclirlc for [llcd
hy (IK (w arl(crlnas. ‘1’IIC cffcctivc baseline of our ‘J’01’SAR systc.11~  is near 2 ll~ctcrs. ‘1’tlus, rmc rllctcr
dis[)]aucrllcrll  alorlg,  ttic kinp,c s])tlcrc-])c)l~l)]cr’ ~orlc illtcr Sc.’licm pr(duccs  alK>LIl 1.2 dCf7C’CS of ptlasc
dilfcrcncc.. Sirlcc inter fcrwmlc.r Idlasc diffcrcnccs cari bc Il!casurcd  (0 a few dc~tccs, lhis cslahlislics
CCI)O Iocatiorl  to a fcw lnctcrs alon~ [tic Range SIJ~clc-llo]~l)lcr  Cknc inlcl section. Note (}MI  loca(irlg
CCIK)CS  10 1 rlm(cr  al 10 kIII requires hasclinc  oricrl(a(ims  ~ccuratc 10 O.(KK)I  r,ditins (0.(KM dcgrccs)!

‘1’hc  deter minali(m of’ ccllu [)lmc diffcrcrwc  ill lIK irltcr fcrt)lllc.lcr locates cLIIocs orl a “1’liasc [?oncs”,
wtlich aIc conical slIclls wittl axes aligned wilt] IIIC ilt[erfulomclcr  Imclil]c  ((tic Iinc tlltough ttlc two
clcrncnls  of Ihc inlcrfcroll]c(cr  ). ‘1’llus, mdai c.chocs flmll the surface C:III he t~~calcd in three dimcnsimls
as stro~l’n in ]:ip, Lll C ] by auglllcntirlg, aircraft SAW wi(li (v.’O  alllC. rll)a\ (}1{{( (I[)CHI(C ;Is art lfl[Cl  fCKMIWtC1.

licltocs car] I)c localcd (() an a c c u r a c y  of a fcw mc(crs. (MCC ccllocs Imvc been Iocalcd ir) Ihrcc
dirllcilsiolls, (tic cffcm of’ fwcstror tcniw cm bc c(~r[cctc(f f (jr ancl ~tlc SA~ irlwcs call t~c rct)r(k’c~cd
as Iluc ~colllc[rir rc[)rcscllla[i Orts of lhc surface. AI [hc sarllc tilllc, a!r iil(cr fcrorllctt  ic SAR radai
SYSt CII~ pr(duccs  a tolmp,iqi~ic rllap (i. e., a I)ip,ital l:lcva~i(~r) Mc)(tcl, l)lih~) of” (1K sllrfacc.



All rdal inlcr(ct olllcl[ ic ai[-~raft SAR (’I’01’SAR for Tol’ograpllic”  SAR) has Iwcn illll~lclncn(ccl  t~y tl]c
Jc( l’lopulsiori 1,atxmtwy  (J]’].) at a [:-hand wavclct]g,(h  as ,In :~llp,tl~cllt:iti{)rl  I() LIIC JI’1.  Aircraf t
Syrlll)cliu Al)cr(urc  kad:~r (AI  RSAR) systcrn. “1’IIc AI RSAR sys(crll r~lu[ir~cly  acquires rlluili -
]UJI:II  i/a(ic)n SAR images a( l’-lmnd (70 cm wzivclc!~p,tl)),  at 1.-[J,]K[ (2.5 c]n iva!clcriy,(h)  and at C’-bard
([, c[]~ wavclcng[ll).  ‘1’hc ‘l’(J1)SAWAII<SAR  sys(cni  ilics or, the 1 X’-8 Ail I){)r  IIC 1.almralory oiler :IICCI by
(1w N A S A  Ar~~cs I<cscarch [’cn(cr (l;igurc 2). ‘HIC ‘l’OI)SAR  ir~lclfcl~)rilc(r ic radar  syslcrn  is
illll~lcrrlcn(cd vi:[ [w) ar)lctlrlds I)t(mnlcd  nc:lrly vertically ori Ihc Icf( side of ll)c IX-K aircraft will) a 2.6
rltc[cl slxlcir]~,. A hlouk dia~tarn of ihc “1’01’SAIUAIRSA1< rad:ll systcrll  (Iiyutv 3 ) SIK)W,S  (hat sever a[
}~or(ior~s” of IIIC I;l(lill arc slI:IIc’d  bctv. rccn Ilw ‘1’OPSAR and )~.11<.SAI{ syst~.rlri. l’ar  amc(ers  fo[ [hc
‘I’ol’sAl</Alt HAI< systcm  arc pivcrl in “1’ahlc 1.

Opcr:lli(~rl of (n)r ‘1’01’SAR  SysLcIIi  o~’cr  tyI)ical tcrlair]s  irdica(cs lkrt clcva{i(~rl ci 101s  for II]c TO I)SAR
l)llh4s a r c  1-2 I)tc[crs  I(N fl:iI arcn :ird 2-3 rilctcts Ii)r r]lour)lilinmls  atca< (scr N4NIsc11, Y,chkcr,  and
N4artin, 1993 and M a d s e n ,  h4arlio  and Ycbkcr, 1995). nor Izonlal rcs(~luliotls  arc near 5 rnc(crs.
“1’ypiunl dala wquisitions arc lor areas of 10 knl across  (rack  (i.e., in uan~c) arid 111) [(I 50 kill aloog track
(i.e., ir~ 1 k)pplcr).  l’rwcsslng,  of ra(iar  cia(a ob(air~cti ill [hc ciilapagos

,.
lslarltis [1s1:1s IJcrrlar](iirla ar~d

lsahclla)  and at I:orl lrwin, (’al ifwnia dclnonstratcd [Ital Iilcsc 10 kll~-by-50 ktli tolwp,t aphic maps can
llc r~losaickcd t(~Kclllcr  fbr- an areas (J( about 50 kill-by-50 k]ll ill sixc.

‘1’jIC ‘1()]  ’SAI< airclaf( Iadar sys(cm  was irnprwvcci irl 1994 by insta[iirlx  a IICW ti,pilliy-cou~)lc(i  (il(lhal
l’(Jsitit)t~i[lg,  /lllcl(i:l Naviga(ioa Sys(cnl ([iI’S/INS) ur~il. ‘1’1]!s irlll)rovcd  our lft~)c)~rapiiic data and
cnal)icci lllosaickinp,  via (icad r-cckorling. AiMILIIc pc)sitiott 10L atioo was rcdu{~’(i to 15 rllctcts, aircraft
vci(~ci(ics ur-c ktlo\vn  (0 0.03 m/s, aircraft atlilu(ic (]011, I)ilcli, yaw) alc (iclc] Illincd 10 ().(X15  dcgrccs.
‘i’ilcsc  accoritcics  lmvc enabled (1)c (ictcrmir~a(ior~ of echo Iocall(m (o tlw lllctcr icveis notcci above.

Aircraft Radar ltxampks

Ar~ example of ‘1’01’SAR data is 1 i~urc  4, a pmp~’ctivc view of lsla lsat)clii, (llrC of tile Galapagos
islands loca[eci off [i)c western coast of Souti] Alllcrica ‘J’ilis view was cc)nslructccl by ovcrlayiog
Spaccborrlc Irllaging Rada r  (S1l-1-~) backscalter  i]nap,cs OVCI a I)i~i(ai  lllcva(iorl Mcxicl (I)llM)
prociuccci  i~y IIIC aircraft  ‘J’01’SAR sys(cn~. Vcltical cxag,gc]atiotl  is 1 .(); (tic tcrtical  rclicl  in Iltis sccrlc
is 1500” mc(cls.

As [lo(cd above, (hc ilt}lllcr]lcr]l~l[ior~ 01 ir](ct”fi’ror~~cttic SARS Iias cicpcri(icci  LIIK)II (IIC rcccn[  a(iv;lrlccs  in
:Iircr:ll’t ICx’a!iorl  av~iilnblc with colnmcrcia]ly  ava i l ab le  (;lohal  l’ositio]l Systcm dcviccs. ‘1 ‘his
illl]llclllcll(:~tiorl has bc.cn dcmor~s(l atcd with acquisition of (tlpo~,rapilic ciala for a rluti iher 0[ rcscarcil
si(cs,  I’rt)ccssirlg  oi’ data for these research arcm imlica(c thal individual irtta~ts of 1 O-by-50 km cao hc
l~r (KiLIccd orwc  pcI (iay.  , A n~osaic of scvcr:tl  of lhcsc itl)a~cs Iakcs a fc~~ (iays. ‘1’ilus, Ihc l(lpographic
rnaplJirlF 01” aTLas  up to 1 (K-by-  1 [M km car) trc. ]Moducccl  in few weeks.

Vuiurc  l)itcctions in Sl)ii{:~borl~c  lntcrfcromctic  SARS

‘1’IIC illtcrlcrol~~c(lic  SAI{ tccilr~iqucs that bavc been (iclnolls(rtitc(i  ilcjc [0[ aircraft raciars also work
fI 01)1 slmcchomc  plalfol Ills. ‘J’hc Spacctmrtm llllagirlg Ra(ial (SIR-C’) frown irl Octohcr  1994 conciuc(cci
l’cafii>ilily cxpcrilneols lbal dcrl~orwli  atcci limt Oblaitled topo::raphic  ra(inl irlla?,cs of a numhcr  of sites.
11 a third SpaccbOrmc  lrna~ing Radar missiol) is fi(lwt], ciata ~x)llcctioll w(mld crllphasizc  wquisilim  of
inlcrl~’1  m]lch ic dala.

I<cccrl( prclnissior)  slodies for a ‘J’olJog,r:tphic”  SA’]’c]]itc (’1’C)l’SA’i’)  ir~(licit(c  tlla( spacctmrnc SARS
could Iwodwe 1)1 IMs of the cat-(h with 2 lnctcr vcr[ical a~curacics  fm iml i~olll:il cclis of 3[) meters
widlil (See Y,ci~kc.r, cl al, lgg~), ‘1’()}~SA’l’  co~ll~l l~c :, (i~lal sp:l~ccraf[ ?.1-Crll sys(clll 01 a Sitl&!tC



spacecraft 2-CIIJ systcm. ‘1’hc vertical and horiz.ontiil Resolution t)f either cent’lguralion is dc~crminccl  by
phase noise, due (o signal-to-noise estimates as well as errors in dcterlnilling  antenna baseline a~titudcs,
‘1’hcse  spacecraft systems can accomplish inrgcr (20 k) 75 kn~)  swath wid[hs  tharl aircraf(  sys[ems.
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‘] ’ab]e ] 10PSAR  Systcm Paralneters

— - — . ——. - .—. — .—. — .—. -

l;rcquency 5.3 Gh7

Wavelength 5.’7 cIn

Range Banciwidlh 40 MHz.

}’cak Power 1.() Kwotts

Antenna I.cnglh I.6 mc(crs

Antenna Wiclth (). 11 meters

Antenna Baseline 2.6 meters

Antenna Angle 62,8 dc.grecs

}lorizontal Resolution 5 Ine[ers

Vcrlical  Rcsolulion 1-2 meters - I.evcl areas
2-3 meters  Rugged areas

Altitude typically 9 km

Platfornl  Vclocily Ilominally 200-250 n)/s

Image Width 10-12 Km\

Image 1,ength 30-60  Kms

I.crok Angle 30-60  deglce.s

GI’S/lNS I.ocation k 15 1“11

GPWINS  Velocity ~(),()~ rl~/~

GPS/lNS Attitude io.oos”
_ -  — . . .- —-—.. .—— — .. —.-_.  —
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F’ixurc  1. Ckomctry  f(]rthrcc-Dir~~e[]sion:]l  l;cho I.oc:l[ion

I:igurc2.  NASA A1lles DC,-8Airb()rne  I.aborato~,  the Aircraft  Platforr~] for
the JPI. TC)PSAIUAIRSAR }<adar System
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POLARIMETER (AIRSAR AT P-/L-/C-BANDS)

INTERFEROMETER (1 OPSAR AT C-BAND)

l:igure 3. Block I)iagr:im for N.ASA/JPI  ~ Aircraft Polarame[rlc  SAK (AI RSAR) and
In[crfcrometric  SAR (’1’OPSAR) Radar Systems

Figure 4. Example of TOPSAR Topographic Image, a Perspective View of Isla Isabcla, Galapagos
Island Produced from TOPSAR and Spaceborne Irna: ing Radar Data (JPL.  Photo P-43940).



20 April 1995

Conference Secretariat
i n t e r n a t i o n a l  ~arto~raphic conference 1 9 9 5  (I CC’95)
~~~]lllCS, 209-211
E-08006 13arcc10na
SPAIN

Dear Senorcs,

Enclosed is a paper, “The NASA/J PI, Aircraft Topographic Synthetic
Aperture Radar (TOPSAR)  System for Rapid Production of Digital
Terrain Models”, submitted for inclusion in ICC-95 Conference
Proccedin~s.  This paper has been tentati~’ely inclu(icd in the session
“]<CJllOtC S e n s i n g : N e w  S y s t e m s  ancl ~apapabi]ities ( 113)”.

You can reach me at the following:

Thomas W. Thompson
Mail Stop 300-227
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena CA 91109
USA

Phone: (818) 354-3881
F’AX : (818) 393-5285

c-mail : thonlas. w.thompson@  jpl.nasa.gov

I am looking forward to seeing you at the meeting.

With Best Regards

SCction 334  S t a f f



17th International Cartographic Conference
10th General Assemtr/y  of ICA

17e Conference Carrographlque  hrternationa/e
10e Assemble@  generale de /’AC1

17a Conferencia  Cartografka  Irrfemaclonal
70a Asamblea  general de la /C&AC1

3 - 9  de Sememore  de !995

lCtiACl i

Mr Thomas W Thompson
\t3rl Stop jOO-22T
J~I Propulsion Ldoroto~
.$s00 Oak Grove Drive

Pzsaden3  C.\ 9 I I O’~, (X4

Dmr >lr ThomDson.

Finidlv. allow me to congrotuiare  you  on you  work, wfnch  certmnlv WIII be of grem  ]nteres~ for ‘Ae C~DgrODhIC

commumty m the conrext  of our forthcoming conference. Do not hes~tme :0 contact  ‘us. should you h3ve  mv

doubr  or enqul~ or !a.st mlnutc problem regarding  your parltc;patrc~n

Look ing  ~orward  :0 seeing YOU m Barcelona

Yours sincerely,

—-——- —
Josep-L.lws  Colomer I  .Mbench

Charr  of dre Sc]ennfic Programme  Commltte+e

Barcelon%  January 15th, 1995
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